New optically active poly(amide–imide)s from N-trimellitylimido-l-amino acid and 1,2-bis[4-aminophenoxy]ethane in the main chain: Synthesis and characterization  by Faghihi, Khalil et al.
Journal of Saudi Chemical Society (2014) 18, 783–791King Saud University
Journal of Saudi Chemical Society
www.ksu.edu.sa
www.sciencedirect.comORIGINAL ARTICLENew optically active poly(amide–imide)s
from N-trimellitylimido-L-amino acid and
1,2-bis[4-aminophenoxy]ethane in the main chain:
Synthesis and characterization* Corresponding author. Tel.: +98 9188630427; fax: +98 861
2774031.
E-mail address: k-faghihi@araku.ac.ir (K. Faghihi).
Peer review under responsibility of King Saud University.
Production and hosting by Elsevier
http://dx.doi.org/10.1016/j.jscs.2011.09.003
1319-6103 ª 2011 Production and hosting by Elsevier B.V. on behalf of King Saud University. Open access under CC BY-NC-ND license.Khalil Faghihi a,*, Mehdi Nourbakhsh a, Mohsen Hajibeygi ba Department of Chemistry, Faculty of Science, Arak University, Arak 38156-8-8349, Iran
b Young Researchers Club, Varamin Pishva Branch, Islamic Azad University, Varamin Pishva, IranReceived 21 May 2011; accepted 2 September 2011
Available online 20 September 2011KEYWORDS
Optically active;
Poly(amide–imide);
Polycondensation;
L-amino acidAbstract Six new optically active poly(amide–imide)s (PAIs) with good inherent viscosities were
synthesized from the direct polycondensation reaction of N-trimellitylimido-L-amino acids with
1,2-bis[4-aminophenoxy]ethane by direct polycondensation in a medium consisting of N-methyl-
2-pyrrolidone (NMP)/triphenyl phosphite (TPP)/calcium chloride (CaCl2)/pyridine (py). Diamine
was synthesized by using a two-step reaction. At ﬁrst 1,2-bis[4-nitrophenoxy]ethane was prepared
from the reaction of two equimolars 4-nitrophenol and one equimolar 1,2-dibromo ethane and
the dinitro compound was reduced by using Pd/C. Also N-trimellitylimido-L-amino acids were
synthesized by the condensation reaction of trimellitic anhydride with two equimolars of various
L-amino acids in acetic acid solution. The polymerization reactions produced a series of optically
active PAIs with a high yield and good inherent viscosity. The resulted polymers were fully charac-
terized by means of FTIR and 1H NMR spectroscopy, elemental analyses, inherent viscosity,
speciﬁc rotation, solubility tests, thermogravimetric analysis (TGA), and a derivative of thermo-
gravimetric (DTG) analysis.
ª 2011 Production and hosting by Elsevier B.V. on behalf of King Saud University.
Open access under CC BY-NC-ND license.1. Introduction
Aromatic poly(amide–imide)s possess desirable characteristics
with the merits of both polyamides and polyimides, for exam-
ple, high thermal stability and good mechanical properties as
well as easy processability. Conventionally, aromatic poly(a-
mide–imide)s can be prepared in several ways starting from tri-
mellitic anhydride (TMA), such as two-step polycondensation
from the acid chloride of TMA with aromatic diamines
784 K. Faghihi et al.involving polyaddition and subsequent cyclodehydration (Imai
et al., 1985), low temperature solution polycondensation of
TMA-derived imide ring-preformed diacid chloride and aro-
matic diamines (Wrasidlo and Augl, 1969), polycondensation
of TMA or TMA-derived imide ring-containing dicarboxylic
acids with diisocyanates (Kakimoto et al., 1988), and phos-
phorylation polyamidation between TMA-derived imide
ring-preformed dicarboxylic acids and aromatic diamines
(Hsiao et al., 1994). Several series of novel poly(amide–imide)s
also have been readily prepared by direct polycondensation
(Faghihi and Hagibeygi, 2005; Faghihi and Hajibeygi, 2004;
Liou and Hsiao, 2001; Yang et al., 2001; Faghihi and
Naghavi, 2005).
The synthesis and application of chiral polymers is of par-
ticular interest from the viewpoint of material science and
newly considered topics. Chiral polymers have found success-
ful uses in chromatographic separation of enantiomers, chiral
liquid crystals, non-linear optical devices, optical switches, and
biomedical devices, etc (Mallakpour and Kolahdoozan, 2007;
Murano et al., 2000; Fu et al., 2007; Itsuno, 2005; Liaw
et al., 2007; Hajipour et al., 2005, 2007; Faghihi et al., 2009,
2010a; Mallakpour et al., 2001). A direct and effective way
for synthesizing the chiral polymers is to introduce chiral ele-
ments into the polymer backbone or side chains. The combina-
tion of poly(amide–imide)s with chiral elements is of synthetic
interest and may also lead to chiral recognition membranes.
Recently, we have synthesized optically active polymers by dif-
ferent methods (Faghihi et al., 2004, 2010b).
A triphenyl phosphite (TPP)-activated polycondensation
(phosphorylation reaction) technique for the synthesis of
polyamides was reported by Yamazaki et al. (1975). In this
article, a series of new optically active PAIs 8a–f containing
dibenzalacetone moiety were synthesized by reactions of six
chiral N-trimellitylimido-L-amino acids 3a–f with 1,2-bis[4-Scheme 1 Synthesi
Table 1 Synthesis of chiral diacid derivatives 3a–f.
Entry Amino acid compound R
3a L-alanine CH3
3b L-valine (CH3)2CH
3c L-leucine (CH3)2CHCH2
3d L-isoleucine (C2H5)(CH3)CH
3e L-phenyl alanine PhCH2
3f L-2-aminobutyric acid CH3CH2
a Measured at a concentration of 0.5 g/dL in EtOH at 25 C.aminophenoxy]ethane 7 by direct polycondensation in a med-
ium consisting of N-methyl-2-pyrrolidone (NMP)/triphenyl
phosphite (TPP)/calcium chloride (CaCl2)/pyridine (py).2. Experiments
2.1. Materials
Trimellitic anhydride 1, L-alanine 2a, L-valine 2b, L-leucine 2c,
L-isoleucine 2d, L-phenyl alanine 2e and L-2-aminobutyric acid
2f, 1,2-dibromo ethane 4, and 4-nitrophenole 5 (from Merck)
were used without further puriﬁcation. Solvents: N-methyl-2-
pyrrolidone (NMP; from Fluka), pyridine (from Acros) and
triphenyl phosphite (TPP; from Merck) were used as received.
Commercially available calcium chloride (CaCl2; from Merck)
was dried under vacuum at 150 C for 6 h.2.2. Techniques
1H NMR and 13C NMR spectra were recorded on a Bruker
300 MHz instrument (Germany). Fourier transform infrared
(FTIR) spectra were recorded on Galaxy series FTIR 5000
spectrophotometer (England). Spectra of solid were performed
by using KBr pellets. Vibration transition frequencies were
reported in wave number (cm1). Band intensities were
assigned as weak (w), medium (m), shoulder (sh), strong (s),
and broad (br). Inherent viscosities were measured by a stan-
dard procedure by using a Technico Regd Trade Mark Vis-
cometer. Speciﬁc Rotations were measured by an A-Kruss
polarimeter. Thermal gravimetric analysis (TGA and DTG)
data for polymers were taken on a Mettler TA4000 System
under N2 atmosphere at a rate of 10 C/min. Elemental analy-s of diacids 3a-f.
Mp (C) Yield (%) ½a25D a
272–275 92 122.4
208–210 94 128.9
194–197 92 117.3
200–203 94 131.5
215–218 90 128.7
234–237 95 139.8
Table 2 1H-NMR, FTIR spectra, and elemental analyses data of diacid derivatives 3a–f.
Diacid Spectral data
3a 1H NMR (300 MHz, DMSO-d6, d, ppm): 13.5 (s, br, 2H), 8.39–8.40 (d, 1H, J=9 Hz), 8.26 (s, 1H), 8.04–8.07 (d, 1H, J= 9 Hz),
4.91 (q, 1H), 1.55 (d, 3H). FTIR (KBr): 2500–3400 (s, br), 1728 (s, sh), 1722 (s, br), 1604 (w, sh), 1487 (w, sh), 1423 (s, sh), 1384 (s),
1290 (s), 1095 (m), 927 (m), 731 (s), 655 (m), 532 (w) cm1. ELEM. ANAL. Calcd. For C12H9NO6 (263.04): C, 54.76%; H, 3.45%;
N, 5.32%. Found: C, 54.63%; H, 3.40%; N, 5.30%
3b 1H NMR (300 MHz, DMSO-d6, d, ppm): 13.64 (s, br, 2H), 8.51–8.54 (d, 1H, J= 9 Hz), 8.25 (s, 1H), 8.02–8.05 (d, 1H, J= 9 Hz),
5.02 (d, 1H), 2.32 (m, 1H), 1.06–1.08 (d, 3H), 0.83–0.85 (d, 3H). FTIR (KBr): 2500–3400 (m, br), 1782 (m, sh), 1722 (s, br), 1487
(w), 1384 (s), 1290 (s), 1095 (w), 929 (m), 733 (s), 609 (w), 532 (w) cm1. ELEM. ANAL. Calcd. For C14H13NO6 (291.07): C,
57.73%; H, 4.50%; N, 4.81%. Found: C, 57.41%; H, 4.50%; N, 4.79%
3c 1H NMR (300 MHz, DMSO-d6, d, ppm): 13.07 (s, br, 2H), 8.51–8.54 (d, 1H, J= 9 Hz), 8.41 (s, 1H), 8.02–8.05 (d, 1H, J= 9 Hz),
4.78–4.83 (dd, 1H, J= 6, 3 Hz), 1.52 (m, 2H), 1.49 (m, 1H), 0.85–0.87 (d, 6H). FTIR (KBr): 2500–3400 (m, br), 1780 (m, sh), 1733
(s, br), 1485(w), 1380(s), 1295(s), 1095 (w), 920 (m), 743 (s), 609 (w), 533 (w) cm1. ELEM. ANAL. Calcd. For C15H15NO6
(305.09): C, 59.01%; H, 4.95%; N, 4.59%. Found: C, 58.95%; H, 4.95%; N, 4.56%
3d 1H NMR (300 MHz, DMSO-d6, d, ppm): 13.39 (s, br, 2H), 8.38–8.41 (d, 1H, J= 9 Hz), 8.27 (s, 1H), 8.02–8.05 (d, 1H, J= 9 Hz),
4.53–4.56 (d, 1H), 2.36–2.38 (m, 1H), 1.46–1.52 (m, 2H), 1.00–1.06 (d, 3H), 0.77–0.82 (t, 3H). FTIR (KBr): 2400–3500 (s, br), 1778
(s, sh), 1722 (s, br), 1379 (s), 1286 (s), 1093 (m), 929 (w), 733 (m), 538 (w) cm1. ELEM. ANAL. Calcd. For C15H15NO6 (305.09):
C, 59.01%; H, 4.95%; N, 4.59%. Found: C, 58.88%; H, 4.96%; N, 4.52%
3e 1H NMR (300 MHz, DMSO-d6, d, ppm): 13.57 (s, br, 2H), 8.33–8.53 (d, 1H, J= 6 Hz), 8.19 (s, 1H), 7.94–7.97 (d, 1H, J= 6 Hz),
7.15 (s, 5H), 5.12–5.17 (dd, 1H, J= 9, 3 Hz), 3.46–3.52 (dd, 1H, J= 9, 3 Hz), 3.29–3.35 (dd, 1H, J= 9, 3 Hz). FTIR (KBr):
2400–3500 (s, br), 1770 (s, sh), 1720 (s, br), 1383 (s), 1278 (s), 1091 (m), 925 (w), 731 (m), 539 (w) cm1. ELEM. ANAL. Calcd. For
C18H13NO6 (339.07): C, 63.72%; H, 3.86%; N, 4.13%. Found: C, 63.55%; H, 3.78%; N, 4.10%
3f 1H NMR (300 MHz, DMSO-d6, d, ppm): 13.45 (s, br, 2H), 8.37–8.40 (d, 1H, J= 9 Hz), 8.26 (s, 1H), 8.01–8.04 (d, 1H, J= 9 Hz),
4.66–4.71 (dd, 1H, J= 6, 3 Hz), 2.01–2.19 (m, 2H), 0.82–0.87 (t, 3H). FTIR (KBr): 2400–3500 (s, br), 1780 (s, sh), 1720 (s, br),
1604 (m), 1487 (m), 1383 (s), 1284 (s, sh), 1082 (s), 879 (s), 729 (s), 638 (m), 472 (w), 314 (w) cm1. ELEM. ANAL. Calcd. For
C13H11NO6 (277.06): C, 56.32%; H, 4.00%; N, 5.05%. Found: C, 56.11%; H, 4.10%; N, 5.15%.
Figure 1 1H NMR spectrum of diacid 3f.
Synthesis and characterization of optically active poly(amide–imide)s 785ses were performed by Vario EL equipment by Arak
University.
2.3. Monomer synthesis
2.3.1. N-trimellitylimido-L-amino acids 3a–f
Two grams (10 mmol) of trimellitic anhydride 1, 10 mmol of L-
amino acids 2a–f, 50 mL of acetic acid, and a stirring bar wereplaced into a 250-mL round-bottomed ﬂask. The mixture was
stirred overnight at room temperature and reﬂuxed for 4 h.
The solvent was removed under reduced pressure, and the res-
idue was dissolved in 80 mL of cold water, then the solution
was decanted and 5 mL of concentrated HCl was added. A
white precipitate was formed, ﬁltered off, and dried to give
compounds N-trimellitylimido-L-amino acids 3a–f (Hsiao
et al., 1994).
Scheme 2 Synthesis of diamine 7.
786 K. Faghihi et al.2.3.2. 1,2-Bis[4-nitrophenoxy]ethane 6
4-Nitrophenol (6.0 g, 43.1 mmol) and dry K2CO3 (2.97 g,
21.6 mmol) and 30 mL dimethyl formamide (DMF) were
placed in a 100 ml round bottomed ﬂask. Then a solution of
(4.04 g, 21.55 mmol) 1,2-dibromo ethane 4 in 5 mL dry
dimethyl formamide was added drop-wise to the reaction mix-
ture. The reaction mixture was heated for 6 h at 120 C, then
was cooled and poured onto crushed ice. The precipitated
white product was collected by ﬁltration, dissolved in CH2Cl2,Figure 2 1H NMR speand washed successively with NaOH (2 M), HCl (1 M), and
water. The CH2Cl2 solution was then dried over Na2SO4 and
concentrated in vacuum and the product was recrystallized
from ethanol, affording 9.57 g (72.9%) of yellow solid 6,
MP: 132-134 C, FTIR (KBr): 3117 (w), 2889 (m), 1629 (w),
1593 (s), 1512 (s), 1342 (s), 1257 (s), 1148 (m), 1113 (s), 1037
(s), 846 (s), 754 (m), 653 (s) cm1. 1H NMR (300 MHz,
DMSO-d6, TMS): d; 8.21–8.24 (d, 4H, J= 9 Hz), 7.20–7.23
(d, 4H, J= 9 Hz), 4.53 (s, 4H) ppm. 13C NMR (300 MHz,
DMSO-d6): d; 163.9, 141.5, 126.3, 115.6, 67.5 ppm. Elemental
analysis: calculated for C17H12N2O5: C, 55.27%; H, 3.98%; N,
9.21%; found: C, 55.12%; H, 3.95%; N, 9.19%.2.3.3. 1,2-Bis[4-aminophenoxy]ethane 7
1,2-Bis[4-aminophenoxy]ethane 7 was synthesized according to
the previous work (Eastmond and Paprotny, 2002).
1,2-bis[4-nitrophenoxy]ethane 6 (1.1 g, 3.6 mmol), 0.1 g of
10% Pd–C, and 40 mL of ethanol were placed in a 100 ml
round-bottomed ﬂask. Then 7 mL of hydrazine monohydrate
was added drop-wise over a period of 1 h at 85 C. After the
complete addition, the reaction was continued at reﬂux tem-
perature for another 5 h. Then, the mixture was ﬁltered to
remove the Pd–C and the ﬁltrate was poured into water and
dried to afford 0.81 g (91%). MP: 115–117 C. FTIR (KBr):
3406 (m), 3327 (m), 3050 (w), 2945 (m), 1628 (s), 1510 (s),
1211 (s, br), 1172 (m), 935 (s), 819 (s), 518 (s) cm1. 1H
NMR (300 MHz, DMSO-d6, TMS): d; 6.66–6.69 (d, 4H,
J= 9 Hz), 6.48–6.51 (d, 4H, J= 9 Hz), 4.63 (s, 4H), 4.07 (s,
4H) ppm. 13C NMR (300 MHz, DMSO-d6): d; 150.0, 143.0,
115.8, 115.3, 67.3 ppm. Elemental analysis: calculated for
C17H16N2O: C, 68.83%; H, 6.60%; N, 11.47%; found: C,
68.64%; H, 6.58%; N, 11.36%.ctrum of diamine 7.
Scheme 3 Synthesis of PAIs 8a–f.
Table 4 Elemental analysis of PAIs 8a–f.
Polymer Formula C (%) H (%) N (%)
8a C26H21N3O6 Calcd. 66.24 4.49 8.91
(471.46)n Found 65.89 4.48 8.87
8b C28H25N3O6 Calcd. 67.33 5.04 8.41
(499.51)n Found 66.89 5.03 8.34
8c C29H27N3O6 Calcd. 67.83 5.30 8.18
(513.54)n Found 67.11 5.25 8.16
8d C29H27N3O6 Calcd. 67.83 5.30 8.18
(513.54)n Found 67.03 5.28 8.17
8e C32H25N3O6 Calcd. 70.19 4.60 7.67
(547.56)n Found 69.46 4.51 7.63
8f C27H23N3O6 Calcd. 66.80 4.78 8.66
(485.49)n Found 66.08 4.73 8.63
Table 5 Solubility of PAIs 8a–f.
Synthesis and characterization of optically active poly(amide–imide)s 7872.4. Polymer synthesis
Poly(amide–imide)s 8a–f were synthesized by a direct polycon-
densation reaction that is an example for the preparation of
PAI 8a and is explained below .
N-trimellitylimido-L-alanine 3a (0.07 g, 0.27 mmol), 1,2-
bis[4-aminophenoxy]ethane 7 (0.07 g, 0.27 mmol), calcium
chloride (0.1 g, 0.9 mmol), triphenyl phosphite (0.84 mL,
3.0 mmol), pyridine (0.1 mL), and N-methyl-2-pyrrolidone
(1.5 mL) were placed in a 25-mL round-bottomed ﬂask, which
was ﬁtted with a stirring bar. The reaction mixture was heated
under reﬂux on an oil bath at 110 C for 8 h. Then, the reac-
tion mixture was poured into 50 mL of methanol and the pre-
cipitated polymer was collected by ﬁltration and washed
thoroughly with hot methanol and dried at 60 C for 12 h
under vacuum to leave 0.119 g (92%) cream solid polymer 8a.
Polymer 8a, FTIR(KBr): 3279 (m), 2943 (w), 1776 (w), 1716
(s), 1664 (s), 1602 (w), 1510 (s), 1383 (s), 1226 (s), 1072 (m),
945 (m), 829 (m), 729 (m) cm1.
Polymer 8b, FTIR(KBr): 3126 (s), 2877 (w), 1776 (w), 1718
(s), 1668 (m), 1602 (w), 1510 (s), 1384 (s), 1228 (m), 1070
(w), 829 (m), 729 (w) cm1.
Polymer 8c, FTIR(KBr): 3337 (m), 2960 (w), 1776 (w), 1718
(s), 1668 (s), 1602 (m), 1510 (s), 1379 (s), 1228 (s), 1070 (m),
941 (w), 827 (w), 727 (w) cm1.
Polymer 8d, FTIR(KBr): 3323 (m), 2968 (w), 1776 (w), 1720
(s), 1668 (s), 1602 (m), 1510 (s), 1375 (m), 1230 (s), 1072
(m), 945 (m), 829 (m), 729 (m) cm1.
Polymer 8e, FTIR(KBr): 3306 (m), 2879 (w), 1776 (w), 1718
(s), 1668 (m), 1510 (s), 1379 (m), 1230 (s), 939 (w), 829 (w),
727 (w) cm1.Table 3 Synthesis and some physical properties PAIs 8a–f.
Diacid Polymer Yield (%) ginh (dL/g)
a ½a25D a Colorb
3a 8a 92 0.46 +70 C
3b 8b 91 0.47 +88 C
3c 8c 89 0.51 +76 PY
3d 8d 93 0.53 +99 C
3e 8e 90 0.49 +91 PY
3f 8f 94 0.61 +83 C
a Measured at a concentration of 0.5 g/dL in DMF at 25 C.
b C = cream, PY = pale yellow.Polymer 8f, FTIR(KBr): 3310 (m), 2974 (w), 1776 (m), 1714
(s), 1666 (s), 1602 (m), 1512 (s), 1381 (s), 1228 (s), 1072 (m),
939 (m), 831 (m), 727 (m) cm1.
3. Results and discussion
3.1. Monomer synthesis
The asymmetric diacids 3a–f were synthesized by the conden-
sation reaction of trimellitic anhydride 1 with two equimolarsSolvent 8a 8b 8c 8d 8e 8f
DMAc + + + + + +
DMSO + + + + + +
DMF + + + + + +
NMP + + + + + +
THF      
CHCl3      
Acetone      
EtOH      
MeOH      
+, Soluble at room temperature.
, Insoluble at room temperature.
788 K. Faghihi et al.of L-alanine 2a, L-valine 2b, L-leucine 2c, L-isoleucine 2d, L-phe-
nyl alanine 2e, and L-2-aminobutyric acid 2f in acetic acid solu-
tion (Scheme 1). The yields and some physical properties of
these compounds are shown in Table 1.
The chemical structure and purity of the optically active
diacids 3a–f were proved by using elemental analysis, FTIR,
and 1H NMR spectroscopic techniques and these data are
shown in Table 2.
As an example, the 1H NMR spectrum of diacid 3f is shown
in Fig. 1. The protons H(a) relevant to O–H carboxylic groupsFigure 3 FTIR spe
Figure 4 1H NMR spappeared at 13.45 ppm. Peaks in 4.66–4.71 ppm were assigned
to the CH(e) proton, is a chiral center, peaks between
0.82–0.87 ppm as a triplet which were assigned to aliphatic
CH3(g), peak in 2.01–2.19 ppm as a multiplet which
were assigned to H(f). Aromatic protons appeared at 8.01–
8.4 ppm.
1,2-bis[4-aminophenoxy]ethane 7 was synthesized by using
a two-step reaction. At ﬁrst 1,2-bis[4-nitrophenoxy]ethane 6
was prepared from the reaction of two equimolar 4-nitrophe-
nol 5 and one equimolar 1,2-dibromo ethane 4. Dinitro com-ctrum of PAI 8a.
ectrum of PAI 8a.
Figure 5 1H NMR spectrum of PAI 8b.
Synthesis and characterization of optically active poly(amide–imide)s 789pound 6 was reduced by using 10% Pd–C, ethanol, and hydra-
zine monohydrate (Scheme 2).
The chemical structure and purity of dinitro compound 6
were proved by elemental analysis, 1H NMR, and FTIR spec-
troscopy and diamine compound 7 were proved by elemental
analysis, FTIR, 1H NMR, and 13C NMR spectroscopy.
The FTIR spectrum of diamine 7 shows two peaks at 3406
and 3327 cm1, that is related to NH2 groups in this
compound.
1H NMR spectrum of diamine 7 shows peaks as a doublet
of doublet at 6.66–6.69 ppm and 6.48–6.51 ppm were assigned
to the H(a) and H(b) related to the aromatic protons, a singlet
peak at 4.07 ppm which was assigned to the H(d) protons rel-
evant to the NH2 groups in this compound (Fig 2).
3.2. Polymer synthesis
PAIs 8a–f were synthesized by direct polycondensation reac-
tion of an equimolar mixture of diacids 3a–f with 1,2-bis[4-
aminophenoxy]ethane 7 in a medium consisting of N-methyl-
2-pyrrolidone, triphenyl phosphite, calcium chloride, and pyr-Table 6 Thermal behavior of PAIs 8a, 8c, and 8f.
Polymer T5 (C)a T10 (C)a Char yieldb
8a 230 300 56
8c 300 340 55
8f 250 300 51
a Temperature at which 5% or 10% weight loss was recorded by
TGA at a heating rate of 10 C/min under N2.
b Weight percentage of material left after TGA analysis at a
maximum temperature of 800 C under N2.idine (Scheme 3). The syntheses and some physical properties
of these new PAIs 8a–f are given in Table 3. The resulting
polymers due to the presence chiral amino acid moieties 2a–f
in the main chain of the polymer are optically active as shown
by speciﬁc rotation measurements at a concentration of 0.5 g/
dL in DMF at 25 C. Also the resulting polymers have a range
of color between cream and pale yellow. The entire polycon-
densation reaction readily proceeded in a homogeneous solu-
tion, tough and string precipitates formed when the viscous
PAIs solution was obtained in good yields.
3.3. Polymer characterization
The elemental analyses of the resulting PAIs 8a–f were in good
agreement with the calculated values for the proposed struc-
ture (Table 4).
The solubility of PAIs 8a–f was investigated as 0.01 g of a
polymeric sample in 2 mL of the solvent. All of the polymers
are soluble in DMSO, DMAc, and NMP and are insoluble
in solvents such as chloroform, dichloromethane, methanol,
and ethanol (Table 5).
The structures of these polymers were conﬁrmed as PAIs by
means of FTIR, 1H MNR spectroscopy, and elemental analy-
ses. The representative FTIR spectrum of PAI 8a was shown in
Fig. 3. The polymer exhibited characteristic absorption bands
at 1776 and 1716 cm1 for the imide ring (asymmetric and
symmetric C‚O stretching vibration), 1718 cm1 (C‚O
stretching vibration for amide group) and 1383 cm1 (C–N
stretching vibration). The absorption bands of amide groups
appeared at 3279 cm1 (N–H stretching).
Fig. 4 displays 1H NMR spectrum of PAI 8a. The aromatic
protons, related to diamine 7 and trimellitic ring in the poly-
mer backbone, appeared in the region of 6.93–8.46 ppm and
two peaks in the regions of 9.81 and 10.53 ppm related to
Figure 6 TGA and DTG thermograms of PAI 8c.
790 K. Faghihi et al.two different N–H amide groups in the polymer backbone.
Also Fig. 5 displays 1H NMR spectrum of PAI 8b. The aro-
matic protons, related to diamine 7 and trimellitic ring,
appeared in the region of 6.92–8.46 ppm and two peaks in
regions of 9.89 and 10.51 ppm related to two different N–H
amide groups in the polymer backbone.
3.4. Thermal properties
TGA and derivative of thermaogravimetric (DTG) analysis at
a rate of 10 Cmin1 in a nitrogen atmosphere were utilized to
examine the thermal properties of these PAIs, and the obtained
results are summarized in Table 6. Fig. 6 shows TGA results of
PAIs 8a, 8c, and 8f, respectively. An examination of the data
reveals that all PAIs are thermally stable up to 230 C in a
nitrogen atmosphere. The temperatures of 5% and 10%
weight loss together with char yield at 800 C for PAIs 8a,
8c, and 8f are 230 C, 300 C, and 56%, 300 C, 340 C, and
55% and 250 C, 300 C, and 51%, respectively (Table 6).
The high char yields of these PAIs at high temperature region
are important. It shows that these polymers have good thermal
stability.
4. Conclusion
A series of new optically active PAIs containing amino acid
moieties were synthesized by the direct polycondensation reac-
tions of six chiral N-trimellitylimido-L-amino acids with 1,2-
bis[4-aminophenoxy]ethane in a medium consisting of N-
methyl-2-pyrrolidone (NMP)/triphenyl phosﬁte (TPP)/calcium
chloride (CaCl2)/pyridine (py). Because the resulting polymers
contained optically pure L-amino acid moieties, they showed
optical rotations and were optically active. Optically active,thermal stability properties can make these polymers attractive
for practical applications, such as processable high-perfor-
mance engineering plastics, used as chiral stationary phase
and chiral media for asymmetric synthesis.References
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